Congenital bronchopulmonary malformations are uncommon anomalies of infants and children presenting as congenital lobar emphysema, bronchogenic cyst, congenital cystic adenomatoid malformation (CCAM), or pulmonary sequestration (PS). CCAM is the second most common congenital lung malformation in newborns. There are five types of CCAM based on the embryologic and the histologic features. PS is defined as a mass of tissue developing in the lung but having no respiratory function. PS is classified into two types: extralobar and intralobar. Co-existence.of CCAM and PS is a rare occurrence. Hybrid lesions, especially type 2 CCAM and PS combination may have a more severe clinical progress. Herein, we report a male infant with type 2 CCAM in combination with PS who died despite both medical and surgical treatment.
Introduction
The development of respiratory system begins during the third gestational week and the malfunctions during the developmental period cause a group of structural anomalies defined as bronchopulmonary stromadeum malformations. Infants with these anomalies may have serious respiratory problems. Congenital cystic adenomatoid malformation (CCAM) is the second most commonly seen malformation among other congenital lung anomalies and its incidence ranges from 1 in 8.300 to 35.000 live births (1) . CCAM is defined as hamartomatous lesion comprised of cystic and adenomatous elements that are arising from trachea, bronchi, bronchiole or alveolar tissue and they most often have unilateral involvement. The majority of CCAMs derives their blood supply from the pulmonary circulation. Pulmonary sequestration (PS) is another pulmonary malformation defined as a non-functioning lung mass that arises as an aberrant outpouching from the developing foregut with its own systemic arterial supply (2) . PS is classified into two types: extralobar and intralobar. Intralobar PSs are covered with visceral pleura while extralobar PSs are covered with their own pleura. Extralobar PS is a mass of lung parenchyma that is not a part of a normal lung tissue, has no connection with tracheobronchial structures and has arterial blood supply from the aorta and its major branches. The routine use of antenatal ultrasonography (USG) enables detection of these kinds of congenital fetal anomalies in early stages of life. Several studies reported that since some congenital lesions did not fit CCAM or PS, these were usually defined as hybrid forms. In one of these forms, extralobar PS and CCAM may be defined in the same patient (3) (4) (5) . Since the co-existence of CCAM and PS is a rare occurrence, we report a male infant who had type 2 CCAM in combination with extralobar PS and we reviewed the relevant literature.
Case
A male infant was born to a 40-year-old mother at 40 weeks of gestation by cesarean section with a birth weight of 4600 grams. Apgar scores were 9 and 10 at 1 and 5 minutes, respectively. The family history was unremarkable and the parents were non-consanguineous. The prenatal USG revealed CCAM involving the right lung. His echocardiography, cranial and abdominal ultrasonography were all evaluated as normal. The infant was admitted to the neonatal intensive care unit due to respiratory distress and early surfactant therapy was performed after intubation. A chest tube was inserted as chest X-ray revealed a right pneumothorax. Chest computed tomography revealed millimetric cystic areas with septations in the lower lobe of the right lung leading to the postnatal diagnosis of CCAM ( Figure 1 ). Pediatric surgeons operated him on the 14th postnatal day. CCAM in the superior segment of the lower lobe of the right lung was observed in addition to intrathoracic extralobar sequestration (ELS) at the level of the middle lobe which had no relation with the brochial tree and fed by the aorta. The pathology of the tissue also revealed CCAM type 2 in association with PS ( Figure  2 ). The patient was extubated on the 23 th postnatal day. However, he was reintubated on the 28 th postnatal day due to respiratory distress associated with the recurrence of right pneumothorax. A right chest tube was inserted again, however, the resorbed pneumothorax relapsed on the 39 th day and the respiratory symptoms of the patient worsened. Therefore, right lobectomy was performed by the pediatric surgeons. However, the patient died several days after surgery due to development of ventilatorassociated pneumonia. Written informed consent was obtained from parents because the patient was below eigthteen years old.
Discussion
Congenital bronchopulmonary malformations are rare and present as congenital lobar emphysema, bronchogenic cyst, CCAM, and PS. Although PS and CCAM are well known entities, they are rarely seen in neonates. CCAM is more frequently seen in males, it is usually unilateral, and involves only one lobe of the lung (1) . There are five types of CCAM based on the embryologic level of origin and the histologic features (6) . Diagnosis is more often made antenatally due to the increased use of obstetric USG. Perinatal mortality has been reported to vary between 10% and 35% in antenatally diagnosed CCAM (7, 8) . Approximately 60% of CCAM cases are associated with other findings such as cardiac anomalies, renal agenesis/dysgenesis, gastrointestinal atresia, and skeletal anomalies (9) . In accordance with the literature, our patient was male, had an antenatal diagnosis and CCAM was unilateral. He had no other organ anomalies. PS is even rarer and frequently associated with other anomalies compared to CCAM. Cases with ELS have been reported to be associated with abnormalities of the chest wall, diaphragm, lung, spine, intestine and the heart (10). The incidence of associated anomalies has been reported to be less frequent with intralobar sequestration (ILS) rather than ELS (11) . Hybrid lesions were also defined as they contain the features of both CCAM and PS (6) . CCAM and PS combination is seen much less frequently and cases of ELS constitute the majority of the reported cases in the literature. In their study including 50 cases of ELS, Conran and Stocker (4) reported that 48% of ELSs was located in the left and 20% in the right hemithorax with blood supply directly from the aorta in 77% of cases. Fifty percent of ELS cases were associated with a coexistent CCAM. ELS/ CCAM lesions were more frequently seen on the left side and 57% of cases occurred in females. All CCAM cases were found to have a type 2 pattern on histologic examination. In another report, five patients with the prenatal diagnosis of congenital lung abnormalities had an uneventful fetal life and were born uneventfully (12) . Histopathologic examination revealed ILS with associated type 2 CCAM in two patients and ELS with associated type 2 CCAM in three patients. All patients except one, who presented with pneumonia at 10 months of age, were asymptomatic. This association has also been described since 1946 with 17 cases of ILS with CCAM and 19 cases of ELS with CCAM (13, 14) . Approximately 80% of ELS receives its blood supply from the descending thoracic or abdominal aorta but the blood supply may also be from branches of a large vessel (4, 15) . In a large series of infants, PS was reported to be more frequent in CCAM type 2 (16). Our patient was male and the combination of type 2 CCAM and ELS was in the right side with the blood supply directly from the aorta. Therefore, we suggest that the definition of hybrid lesions may show variations as the number of infants with this diagnosis increases. The natural history of antenatally diagnosed lung masses is variable. Presentation ranges from respiratory failure to a normally developing infant (17) . Although about half of patients with a prenatal diagnosis of CCAM are asymptomatic at birth; patients with symptomatic CCAM can present with a history of recurrent pneumonia, cyanosis, respiratory distress, and pneumothorax (10) . Patients with PS may be asymptomatic at birth, but can subsequently develop cough, hemoptysis, and recurrent pneumonia or can remain asymptomatic and can be diagnosed incidentally (10) . ILS has been reported to be associated with chronic infections due to connections with the gastrointestinal tract, therefore, resection of the lesion is recommended regardless of the presence or absence of symptoms (18) . In line with the literature, our case presented with severe respiratory distress and recurrent pneumothorax. Most authors recommend resection of all antenatally diagnosed CCAMs due to the risk of infection and of malignant transformation, although the surgery can be deferred for several months after birth (6) . As ELS has not been reported to be associated with infection or malignant transformation, expectant management with serial imaging is usually recommended in asymptomatic patients. Resection is usually recommended in the case of respiratory compromise as it is considered to be curative (6) . Surgical resection is recommended for hybrid lesions since these masses have a potential for recurrent infections (2) . Our patient presented with respiratory distress due to pneumothorax in the immediate neonatal period which necessitated surgery during the first weeks of postnatal life, therefore, lobectomy was performed. However, in asymptomatic infants, surgical resection may be performed at 4-8 weeks of age with minimal morbidity and no mortality (19) . Involution of PS/CCAM with significant systemic arterial blood supply is unlikely to occur which necessitates surgical excision of this congenital pulmonary lesion in order to avoid complications such as respiratory distress, infection, intrathoracic bleeding, haemoptysis, cardiac failure, and the potential risk of malignancy. Therefore, early surgery is suggested to reduce both morbidity and parental anxiety (12) . The mortality rate was found to be 5% in a large series of infants, and most of them (58%) had type 2 CCAM. Respiratory failure, sepsis and respiratory support requirements and severe associated comorbidities have been reported to be the risk factors for mortality (16) . Our case had respiratory failure from birth with recurrent pneumothorax and mechanical ventilation requirement all of which may be associated with death. This case report is presented to emphasize that the association of PS with CCAM should be always kept in mind in the differential diagnosis of antenatal fetal lung masses. It is critical to establish the optimal surgery time and type in these infants. Hybrid lesions, especially type 2 CCAM and PS combination may have a more severe clinical progress. Both neonatologists and pediatric surgeons should be aware of the clinical features of CCAM, PS and hybrid lesions in both symptomatic and asymptomatic infants. Financial Disclosure: The authors declare that this study has received no financial support.
